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© Rotary device, apparatus and method for treating molten metal. 

(5?) A rotary device for dispersing a gas in molten metal, for 
example argon in molten aluminium, contained in a vessel, 
comprises a hollow shaft (1) and a hollow rotor (2) fixedly 
attached to the shaft 0), the rotor (2) having a plurality of 
vanes (4) each extending from the shaft (1), or a location 
adjacent the shaft (1), towards the periphery (5) of the rotor 
(2) whereby the hollow interior of the rotor (2) is divided into 
a plurality of compartments (6), at least one aperture (8) in 
the top (7) or bottom of the rotor (2) adjacent the shaft (1) and 
at least one aperture (10) in the peripheral surface (9) of the 
rotor (2) such that when the rotor (2) rotates molten metal 
can enter each of the compartments (6) through the aperture 
or apertures (8) in the top (7) or bottom, and flow outwardly 
through the peripheral aperture or apertures (10) and at least 
one duct (12) for the passage of the gas extending from the 
hollow interior of the shaft (1) to each of said compartments 
(6). The gas and molten metal are mixed together within the 
rotor (2) and on emerging from the rotor (2) the gas is 
dispersed throughout the body of the molten metal as a 
stream of very small bubbles. 



FIG. 3. 




Croydon Printing Company Lid 



BNSDOCID: <EP 01B3402A2J_> 



01 83402 



- 1 - FS 1307/1303 



ROTARY DEVICE, APPARATUS AND METHOD 
FOR TREATING MOLTEN METAL 



This invention relates to a rotary 
device, apparatus and a method for treating 
molten metal wherein e zes is dispersed in the 
molten metal. The device, apparatus and method 
5 are of value in the treatment of a variety of 

molten metals such as aluminium and its alloys, 
magnesium and its alloys, copper and its alloys 
and ferrous metals- They are of particular 
value in the treatment of molten aluminium and 
10 its alloys for the removal of hydrogen ana solid 

impurities, and they will be described with ref- 
erence thereto. 



It is well known that considerable 
difficulties may arise in the production cf cast- 

15 ings and wrought products from aluminium and its 

alloys due to the incidence of defects associated 
with hydrogen gas porosity. 9y way of example, 
the formation of blisters during the production of 
aluminium alloy plate, sheet and strip may be men- 

20 tioned. These blisters, which appear" on the sheet 
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during annealing or solution heat treatment after 
rolling, are normally caused by hydrogen gas dif- 
fusing to voids and discontinuities in the metal 
(e.g. oxide inclusions) and expanding to deform 
the metal at the annealing temperature. Other # 
defects may be associated with the presence of 
hydrogen gas such as porosity in castings. 

It is common practice to treat molten 
aluminium and its alloys for the removal of hydro- 
gen and solid impurities by flushing with a gas 
such as chlorine, argon or nitrogen or a mixture 
of such gases. 

According to the invention a rotary de- 
vice for dispersing a gas in molten metal comprises 
a hollow shaft end a hollow rotor fixedly attached 
to the- shaft, said rotor having 

1) a plurality of vanes each extending from 
the shaft, or a location adjacent the shaft, to- 
wards the periphery of the rotor whereby the hollow 
interior of the rotor is divided into a plurality 
of compartments, 

2) at least one aperture in the top or 
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bottom of the rotor adjacent the shaft and at 
least one aperture in the peripheral surface of 
the rotor such that when the rotor rotates the 
molten metal can enter each of the compartments 
through the aperture or apertures in the top or 
bottom, and flow outwardly through the aperture 
or apertures in the peripheral surface, and 

3) at least one duct for the passage of 

the gas extending from the hollow . interior of the 
shaft to each of said compartments. 

According to a -further feature of the 
invention apparatus for treating molten metal com- 
prises a vessel and a rotary device for dispersing 
a gas in molten metal contained in the vessel, 
said device comprising a hollow shaft and a hollow 
rotor fixedly attached to the shaft, said rotor 
having 

a plurality of vanes each extending from, 
or a location adjacent the shaft, the shaft towards 
the periphery of the rotor whereby the hollow in- 
terior of the rotor is divided into a plurality of 
compartments , 
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2) at least one aperture in the top or 
bottom of the rotor adjacent the shaft and at 
least one aperture in the peripheral surface of 

* • 

the rotor such that when the rotor rotates the 
molten metal can enter each of the compartments 
through the aperture or apertures in the top or 
bottom, and flow outwardly through the aperture 
or apertures in the peripheral surface, and 

3) at least one duct for the passage of 
the gas extending from the hollow interior of the 
shaft to each of said compartments. 

According to a yet further feature of 
the invention there is provided a method for the 
treatment of molten metal comprising dispersing a 

gas in molten metal contained in a vessel by means 

' - 

of the rotary device defined above. 

The rotor of the rotary device may be 
formed separately from and be fixed to the shaft, 
or the rotor may be formed integrally with the 
shaft. 

The rotor is preferably circular in 
transverse cross-section in order to reduce drag 
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in the molten metal when the device rotates and 
in order that the overall weight of the rotor 
may be as low as possible. 

The rotor may have two or more vanes 
5 and hence two or more compartments. At least 

three vanes and three compartments are preferred 
and four has been found to be a convenient number 
in practice. Preferably the vanes extend from the 
shaft, to which they may be joined or with which 

10 th ey may be integrally formed, to the periphery of 
the rotor. The vanes may extend radially or be 
tangential to the shaft. Although the rotor may 
have a plurality of apertures extending around its 
top or bottom surface adjacent the shaft it is con- 

15 venient to adopt a single annular aperture. 

It is preferred that the aperture or 

* 

apertures adjacent the shaft are in the top of the 
rotor rather than the bottom. The rotor may have 
an aperture or apertures in both its top and its 
20 bottom. 

Although the peripheral surface of the 
rotor may have more than one aperture corresponding 
to each of the compartments it is preferable to 
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have one elongated aperture per compartment exten- 
ding from one end of one vane to one end of ano- 
ther. When the vanes do not fully extend to the 
periphery of the rotor the peripheral surface may 
have a singls aperture extending around the peri- 
phery . 

If desired there may be more than one 
gas duct extending from the hollow shaft through 
the wall of the shaft to each of the compartments 
but in practice it has been found that one duct 
per compartment is satisfactory. 

In use the shaft is connected to drive 
means, either through a drive shaft or directly 
at the top of the shaft, or through the base cf 
the rotor at the bottom of the shaft, and the de- 
vice is immersed in the. vessel containing the 
molten metal in which it is desired to disperse 
gas. When the device is rotated the molten metal 
is drawn into the compartments through the aperture 
or apertures in the top or bottom of the rotor and 
flows out of the compartments through the aperture 
or apertures in the peripheral surface, and is thus 
circulated through the rotor. The hollow interior 
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of the shaft is connected to a source of gas and 
ths gas passes through the shaft and then through 
the ducts into the compartments, the molten metal 
entering the compartments breaks up the gas -• 

a 

stream as the stream leaves the ducts into a 
large number of very small bubbles. The bubbles 
are intimately mixed with the molten metal which 
then leaves the rotor through the aperture or aper- 
tures in the peripheral surface and as a result 
the gas is dispersed throughout the whole body of 
molten metal contained in the vessel. 

The flow pattern cf the molten metal and 
gas emerging from the rotor into the body of molten 
metal is determined by the geometry of the interior 
of the rotor. In practice it is preferred to locate 
the device as near to the bottom of the vessel as 
possible and to cause the molten metal and gas to 
emerge from the rotor in a substantially horizontal 
direction. This may be achieved, for example, by 
making the edge or the whole of the upper surface 
of the bottom of the rotor, and optionally the 
edge of the underside of the top of the rotor, 
horizontal . 
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The rotary device of the invention pro 
vides an efficient means for dispersing a gas 
stream .as very small bubbles in mplten metal and 
for distributing the dispersion throughout a 
large body of the molten metal. The device is 
particularly advantageous in that it eliminates 
the need for a stator which is used in certain 
rotary devices. The device also gives improved 
dispersion of the gas in the molten metal com- 
pared with other devices because a relatively 
large volume of the. molten metal passes through 
the rotor and contacts the gas within the hollow 
rotor, and the molten metal and gas are mixed 
together before they emerge from the rotor. 

The rotary device may be made from 
graphite, silicon carbide or a ceramic material 
which is inert to the molten metal. 

The vessel used in the apparatus and 
method of the invention may be a ladle which may 
be used for the treatment of the molten m2tal by 
a batch process or the vessel may be a special 
construction in which the molten metal may be 
treated by a continuous process. 
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The vessel preferably has a cover or 
lid to avoid contact between molten metal contained 
in the vessel and the atmosphere, and the vessel 
is preferably of circular cross-section . 

w 

When the apparatus is to be used for 
the continuous treatment of molten metal the 
vessel may comprise an inlet channel, a treatment 
chamber and an outlet channel and the treatment 
chamber may have a baffle plate under which the 
molten metal passes before it reaches the outlet 
channel. The treatment chamber may have a tap-hole 
or tilting means so that the chamber may be emptied 
when it is aesired to stop the continuous process 
e.g. when changing from one alloy to another. 
Alternati vely the metal may be removed by pumping. 
These methods avoid the need to adopt a washing 
through procedure . 

» ■ 

. - ■ * 

- 

It is desirable that the apparatus has 
means for heating the molten metal so that the 
metal can be maintained at a suitable temperature 
curing the treatment process. Immersion heaters 
are preferred and these are preferably located 
near the wall of the vessel so that they can also 
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serve as baffles to prevent vortex formation when 
the rotary device is rotated in the molten metal. 

Particularly when the apparatus is de- 
signed for continuous use it is desirable to in- 
clude a filter through which the metal passes 
when it leaves the vessel. In this way any extra- 
neous particles, which are not removed when the 
metal is treated with the gas, are removed by the 
filter. 

The rotary device may be mounted on a 
frame. so that it can be lifted out of the molten 
metal to enable the rotor to be serviced, and the 
mounting for the rotor drive arrangement can also 
be used as the supporting member for a cantiievered 
hoist assembly used for removing the lid of the 

- 

vessel for maintenance purposes. 

The invention is illustrated by way of 
example with reference to the drawings in which:- 

Figure 1 is a side elevation of a rctary 
device according to the invention 
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Figure 2 is part of a . top plan view of 
the rotary device of Figure 1 

Figure 3 is a section along YY-YY of 

♦ * 

Figure 2 and 

Figure 4 is a section along XX-XX of 

Figure 3. 

Figure 5 is ^ reduced vertical sectional 
view of apparatus according to the invention for 
use in the continuous treatment of molten aluminium 
and incorporating the rotary device shown in Figure 
1. 

Figure 6 is a top plan view of the 
apparatus of Figure 1 with the lid removed. 

■ * 

■ , ■ . • 

Figures 7 and 8 are similar views to 

that shown in Figure 3 of the rotors of further 

embodiments of the rotary device of the invention. 



Referring to the drawings a rotary de 
vice for dispersing a gas in molten aluminium 
comprises a hollow shaft (1) and a hollow rotor 
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(2) formed integrally with one end (3) of the 
shaft (1), Four vanes (4) tangential to the 
shaft (1) and formed integrally with the shaft (1) 
extend outwardly from the shaft (1) to the circu- 
lar periphery (53 of the rotor (2) so as to divide 
the hollow interior of the rotor (2) into four iden- 
tical compartments (6). The top (7) of the rotor 
(2) has an annular aperture (8) adjacent the shaft 
(1) and the peripheral surface (9) of the rotor C2) 
has four elongated apertures (10), each aperture 
extending from the end (113 of one vane (4) to the 
end (113 of another vane (43. The shaft (13 has 
four ducts (123 for the passage of gas each duct 
(123 extending through the wall of the shaft (1) 
and communicating with the hollow interior (13) of 
the shaft (1) and one of the compartments (6). 

The shaft (1) is connected to the lower 
end of a hollow drive shaft (143 whose upper end 
is connected to drive means, such as an electric, 
motor, (not shown), and the hollow interior (133 
of the shaft is connected through the hollow drive 
shaft (14) to a source of gas (not shown). 

The rotary device is located inside a 
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refractory lined vessel (15) having an inlet cha- 
nnel (16), a treatment chamber (17), an outlet 
channel (18) and a lid (19). The chamber (17) 
has three immersion heaters (20) located radially 
adjacent the wall (21) of the chamber (17), and a 
baffle plate (22) extending towards the bottom 
(23) of the chamber (17) and located adjacent the 
outlet channel (18). The outlet channel (18) con- 
tains a porous ceramic filter (24). 

In use molten metal enters the vessel 
(15) continuously via inlet channel (16) passes 
through the treatment chamber (17) and leaves via 
outlet channel (18). 



The rotary device is rotated in the 
molten aluminium contained in the treatment cham- 
ber (17) and gas is admitted through the shaft (1) 
and passes through the ducts (12) into the compart- 
ments (S) in the hollow rotor (2). As the device 
rotates aluminium is drawn into the compartments 
(6) through the annular aperture (8) where it 
breaks up the gas stream leaving the ducts (12] 
into very small bubbles which are intimately mixed 
with the aluminium and which flow with the aluminium 
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out of the rotor (2) through the apertures (10) 
in the peripheral surface (9) of the rotor and 
which are dispersed through the whole. body of the 
aluminium, Aluminium contained in the treatment 
5 chamber (17) is thus intimately contacted by the 
gas and dissolved hydrogen and inclusions are re- 
1 - moved. 

After treatment the aluminium passes 
under the baffle plate (22) and out of the treat- 
10 ment chamber (17) into the outlet channel (18). 

During its passage through the outlet channel (18) 
any non-metallic inclusions which may still be pre- 

» 

sent are removed by the porous ceramic filter (24). 

The immersion heaters (20) not only serve 

» 

15 to maintain the aluminium in the treatment chamber 

• ■ . ... ■ 

(17) at the required temperature but they also act 
as baffles which overcome any tendency for the ro- 
tary device to produce a vortex in the aluminium.* . 
Since the heaters can be kept continuously immersed 
20 in the aluminium their failure rate due to thermal 
shock is reduced. 

The following Examples will serve to illus- 
trate the invention:- 

BNSDOCID <EP 018 34Q2 A2 l > 
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Four graphite rotary devices similar to those 
shown in the drawings were each used to treat 750 kg 
molten aluminium at 750°C with argon gas by a batch 
process. In each case the hydrogen content of the 
aluminium was determined before and after the treat- 
ment process. Data on the rotors and the process 
condit ions ,. and the results are tabulated below:- 



ROTOR NUMBER 


1 


2 


3 


4 


ROTOR DIAMETER (mm) 




295 


295 


295 


ROTOR HEIGHT (mm) 


60 


120 


130 


120 


NUMBER OF VANES 


4 


4 


4 


4 


TYPE OF VANES 


TANGENTIAL 


TANGENTIAL 


RADIAL 


TANGENTIAL 


INLET APERTURE AREA (cm 2 ) 


8.2 


20.3 


8.7 


20.3 


OUTLET APERTURE AREA (cm 2 ) 


16.5 


41 .8 


38.0 


41.8 


COMPARTMENT VOLUME (cm 3 ) 


95 


670 


680 


670 


NO. OF GAS DUCTS 


4 


4 


4 


8 


GAS DUCT DIAMETER (mm) 


1 


1 


1 . 


1 


ROTOR SPEED (R.P.M.) I 


400 


280 


380 


280 


GAS FLOW (normal 1/min.) 


20 


35 


35 


35 


HYDROGEN CON1ENT OF 
ALUMINIUM (cmVlOO g) 
J AFTER: j 










0 MINUTES J 


0.20 


0.38 


0.23 


0.26 


2 MINUTES 




0.21 


O.ll 


0. 10 


j 5 MINUTES 




0.20 


0.06 




7 MINUTES 


0.08 








] 8 MINUTES j 




0.15 
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CLAiriS 

1 . A rotary device for dispersing a gas in 

molten metal comprising a hollow shaft (1) and a 
rotor (2) fixedly attached to the shaft, characterised 
in that the rotor (2) is hollow and has 

1) a plurality of vanas (4) each extending 
from the shaft (1), or a location adjacent the shaft 
(1), towards the periphery C5) of the rotor (2) 
whereby the hollow interior of the rotor (2) is 
divided into a plurality of compartments (6), 

2) at least one aperture (5) in the top (7) 
or bottom of the rotor (2) adjacent the shaft €13 
and at least one aperture (1C) in the peripheral 
surface (9) of the rotor (2) such that when the rotor 
(2.0 rotates the molten metal can enter each of the 
compartments (6) through the epsrrure or apertures 
(Sj in the top (7) or bottom, and flow outwardly 
through the aperture or apertures (10) in the 
peripheral surface (9), and 

3) at least one duct. (12) for the passage of 
the gas extending from the hollow interior (13) of 
the shaft (1) to each of said compartments (6) . 
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2. A rotary device according to Claim 1 
characterised in that the rotor (2) is formed 
separately from and is fixed to the shaft (1). 

3. A rotary device according to Claim 1 
characterised in that the rotor (2) is formed 
integrally with the shaft (1). 

4. A rotary device according to any of Claims 

1 to 5 characterised in that the -rotor (2) is circular 
in transverse cross-section . 

5- A rotary device according to any of Claims 

1 to 4 characterised in that the vanes (4) ere joined 
to or are integrally formed with the shaft (1). 

V 

6- A rotary device according to any of Claims 

* - 

1 to 5 characterised in that the vanes (4) extend 
to the periphery (5) of the rotor (2). 

7. A rotary device according to any of Claims 

1 to 6 characterised in that the vanes (4) extend 
radially. 

3- A rotary device according to any of Claims 
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1 to 6 characterised in that the vanes (4) are 
tangential to the shaft (1). 

9. A rotary device according to any of Claims 
1 to 6 characterised in that the rotor (2) has a 
single annular aperture (8) in its top (7) or 
bottom surface adjacent the shaft (1). 

10. A rotary device according to any of Claims 
1 to 9 characterised in that the rotor (2) has one 
or more apertures (8) in both its top (7) and its 
bottom. 

11. A rotary device according to any of Claims 
1 to 10 characterised in that the peripheral surface 
(9) of the rotor (2) has one elongated aperture 

[10] per compartment extending from one end (11) 

■ 

of one vane (4) to one end (M) of another vane (4). 

12. A rotary device according to any of Claims 
1 to 10 characterised in that the peripheral surface 
(9) of the rotor (2) has a single aperture (10) 
extending around the periphery. 

13. Apparatus for treating molten metal comprising 
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a vessel (15) and a rotary device for dispersing a 
gas in molten metal contained in the vessel, said 
device comprising a hollow shaft (1) and a rotor 
(2) fixedly attached to the shaft (1), characterised 
in that the rotor (2) is hollow and has 

1) a plurality of venes (4) each extending 
from the shaft (1), or a location adjacent the shaft 
(1), towards the periphery (5) of the rotor (2) 
whereby the hollow interior of the rotor (2) is 
divided into a plurality of compartments (6), 

2) at least one aperture (3) in the top (7) 
or bottom of the rotor (2) adjacent the shaft (1) 
and at least one aperture (10) in the peripheral 
surface O) of the rotor (2) such that when the 
rotor (2) rotates the molten metal can enter each 
of the compartments [6) through the aperture or 
apertures (80 in the top or bottom, and flow outwardly 
through the aperture or apertures (10) in the 
peripheral surface (9), and 

3) at least one duct (12) for the passage of 
the gas extending from the hollow interior (3) of 
the shaft (1) to each of said compartments (6). 
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14. Apparatus according to Claim 13 characterised 
in that the vessel (15) is a ladle. 

15. Apparatus according to Claim 13 characterised 
in that the vessel comprises- an inlet channel (16) , 

a treatment chamber (17) and an outlet channel (18). 

16. Apparatus according to Claim 15 characterised 
in that the treatment chamber (17) has a baffle plate 
(22). 

17. Apparatus according to any of Claims 13 to 
16 characterised in that the vessel (15) contains one 
or more immersion heaters (20). 

18. Apparatus according to Claim 17 characterised 
in that the immersion heaters (20) are located near 
the wall (21) of the vessel (15). 

* . * 

19. Apparatus according to Claim 15 characterised 
in that the outlet channel (18) contains a filter (24). 

20. A method for the treatment of molten metal 
characterised in that the method comprises dispersing 
a gas in molten metal contained in a vessel by means 
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of a rotary device as claimed in any of Claims 1 to 
12. 



21. A method according to Claim 20 characterised 

in that the gas is argon. 
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© Rotary device, apparatus and method for treating molten metal. 

(57) a rotary device for dispersing a gas in molten metal, for 
example argon in molten aluminium, contained in a vessel, . 
comprises a hollow shaft (1) and a hollow rotor (2) fixedly 
attached to the shaft (1), the rotor (2) having a plurality of 
vanes (4) each extending from the shaft (1), or a location 
adjacent the shaft (1), towards the periphery (5) of the rotor 
(2) whereby the hollow interior of the rotor (2) is divided into 
a plurality of compartments (6). at least one aperture (8) in 
the top (7) or bottom of the rotor (2) adjacent the shaft (1 ) and 
at least one aperture (10) in the peripheral surface (9) of the 
rotor (2) such that when the rotor (2) rotates molten metal 
can enter each of the compartments (6) through the aperture 
or apertures (8) in the top (7) or bottom, and flow outwardly 
through the peripheral aperture or apertures (10) and at least 
one duct (12) for the passage of the gas extending from the 
hollow interior of the shaft (1) to each of said compartments 
(6|. The gas and molten metal are mixed together within the 
rotor (2) and on emerging from the rotor (2) the gas is 
dispersed throughout the body of the molten metal as a 
stream of very small bubbles. 



FIG. 3 
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